ICON has demonstrated the use of a framework for integrated contaminant assessment 7 on European coastal and offshore areas. The assessment showed that chemical 8 contamination did not always correspond with biological effects, indicating that both are 9 required. The framework can be used to develop assessments for EU directives. If a 10
Introduction 21
Thousands of tonnes of waste are released into European seas every minute, containing 22 chemicals that have the potential to accumulate in marine organisms and/or affect their 23 health. As discussed in Borja et al. (2010) , it is crucial in this context to have a clear 24 understanding of how it can be determined whether organisms or populations in an 25 area are affected by pollution and if so, the extent to which they are impacted. With 26 regards to chemicals, this implies quantifying chemical-specific effects on marine 27 organisms or processes. In addition to a required knowledge of effects, there are reasons 28 why it may also useful to have information about concentrations of chemicals in 29 organisms or abiotic matrices: (i) to link observed effects to specific chemicals for 30 regulatory purposes, (ii) to ensure concentrations are not above limits set for human 31 consumption, and finally (iii) to document the presence of chemicals that may or may 32 not cause effects. As support for effects, it is the exposure of organisms to chemicals that 33 matters. For persistent bioaccumulating substances, exposure can be estimated through 34 measuring the concentration of chemicals or their metabolites in the tissues of the target 35 organism (e.g. Hylland et al., 2009) or in other matrices such as passive samplers (Utvik 36 & Gärtner, 2006), sediments or non-target organisms in the same habitat, e.g. blue 37 mussels. Some polluting chemicals may however be quickly degraded or present at 38 concentrations below the detection limit of routine chemical analyses, but still cause 39 impacts, e.g. many endocrine disrupting substances, organophosphate pesticides and 40 pharmaceuticals. In this case, biological responses will be the most sensitive method by 41 which to detect their presence, e.g. through the inhibition of acetylcholinesterase as a 42 result of organophosphate exposure (Bocquené et al., 1993) or increased plasma 43 concentrations of vitellogenin in juvenile fish as a result of oestrogen exposure (Allen et 44 al., 1999) . To understand the possible environmental consequences and regulate inputs 45 of contaminating chemicals, we therefore need to know both the concentrations of 46 contaminants in appropriate matrices as well as how they affect organisms. The two 47 output a metric that can be used to determine Good Environmental Practice (GES) can then be combined at different levels: matrix, site and region, and expressed with 97 varying levels of aggregation to graphically represent the proportion of different types 98 of determinants (or for each determinant, sites within a region) exceeding assessment 99 criteria. Such an approach has several advantages: (i) the combination of data can be 100 done for selected levels depending on the type of assessment required and the 101 monitoring data available, (ii) the representation maintains all the original information 102 and it is straightforward to identify determinants that exceed the assessment criteria, 103 (iii) any stage of the assessment can be readily "unpacked" to a previous stage to identify 104 either contaminant or effects measurements of potential concern or sites contributing to 105 poor regional assessments (cf. Jennings et al., 2008) . In contrast to some other 106 integrating indicators, e.g. IBI and BRI, there is no weighing of the methods included in 107 the current framework. The approach is based on the OSPAR regional assessment tool 108 developed for contaminants (OSPAR, 2010) .
Methods

112
The analyses can be converted one to the other, but only SSF data has been linked directly to 142 adverse effects in experimental studies, hence the grouping in "exposure" and "effect". were compiled and subjected to a five-step procedure, eventually resulting in an overall 156 assessment of the sites included in ICON. The assessment strategy is transparent and, 157 depending on the objectives of an assessment, it may be desirable to stop after steps 158 two, three or four. 159
160
Step 1 Step 3: Integration of matrices for a site assessment 207
In order to express the results of assessment for any particular site, assessments 208 were aggregated across matrices and expressed by determinant category. To 209 achieve this, results from passive sampling from sediment and water categories 210 were integrated into the contaminant indicator graphic and bioassays and 211 gastropod intersex/intersex integrated into 'effects indicators'. Thus the outcome of 212 assessment of all determinants from all matrices can be expressed for a whole site. 213
Practically, the process adopted is to sum the percentages of each colour in, say, the 214 "contaminants" columns for each matrix, and then to scale the sums to a total of 215
100%. 216 217
For some assessments, this will be the highest level of aggregation required. 218
However, for assessments covering larger geographical areas where assessments 219 need to be undertaken across multiple sites, a further level of integration is required 220 (steps 4 and 5). 221 222 For transparency, each determinant group is labelled with the matrices from which 223 it is comprised. Thus it can quickly be determined whether the site assessment is 224 comprised of all or just a sub-set of the monitoring matrices. 225
226
Step 4: Regional assessment across multiple sites 227 A regional assessment can be done at different levels, i.e. aggregation of data at the 228 sub-regional, regional and national levels, in different ways to express both the 229 overall assessment of proportion of determinants (across all matrices) exceeding 230 both assessment thresholds (BAC/EAC) and by determinant for the region, showing 231 the proportion of sites assessed in the region that exceed the thresholds. Both 232 approaches show the overall proportion of determinant/site that exceeds the 233 threshold for each method. 234
235
Step 5: Overall assessment 236
The assessment by region can be aggregated further into a single schematic showing 237 the proportion all determinants across all sites that exceed BAC and EAC. This can 238 be used for the purposes of an overall assessment. The overall assessment can be 239 easily "unpacked" through the steps above to determine which sites and 240 determinants (effects types or contaminants) are contributing to, for example, the 241 proportion of red (greater than EAC) data, and thereby potentially leading to failure 242 to achieve the desired status for a region. 243
244
The assessment criteria for fish were grouped in three categories: concentrations of 245 selected contaminants, biomarkers of exposure (e.g. PAH metabolites and 246 cytochrome P4501A (EROD) activity) and biomarkers of effect (e.g. DNA damage, 247 fish disease). For each category the response at each location was then scored. 248
249
Results
250
Assessments were performed by matrix (sediment, mussels, gastropods and fish), by 251 site and by region. The core methods included in the scheme were selected as the minimum set of 364 contaminants and biological effects techniques that would need to be applied in 365 order to determine whether contaminants are impacting on 'ecosystem health'. 366 They achieve this by covering the main contaminant groups likely to cause such 367 effects and that may be routinely monitored, as well as covering the main toxicity 368 endpoints that are reasonably measurable in sentinel species, i.e. general toxicant 369 stress, neurotoxicity, genotoxicity (Hylland et There are environmental factors that may modulate biological responses, e.g. 381
season. Data used to derive BAC and EAC were from studies where ICES guidelines 382 for sampling have been adhered to, i.e. sampling outside the reproductive period. 383
Criteria have been developed for selected species using hundreds and thousands of 384 analyses as a basis, but there is an underlying assumption in this strategy that a 385 species will respond to contaminant exposure in a similar fashion throughout its 386 geographical range, all else being equal. 387
388
The biological responses selected for the framework comprise a range of methods 389 that are sensitive to contaminant stress, including some that are specific to 390 important contaminant groups and some that provide responses to a wide range of 391 substances, including cumulative effects and effects from chemicals not directly 392 monitored for. The integrated nature of the approach also identified instances 393 where high concentrations of contaminants of concern were recorded, but where 394 effects were not detected at a significant level. In these instances, contaminant 395 availability may be limited and concentrations of limited concern as a result. In this 396 case, the lack of effects in the assessment will down-weigh the importance of the 397 contaminant result in an overall assessment. If the 95% target were to be used as a 
